NATIONAL ANNUAL DIESEL-FUEL SURVEY, 1956 


By O. C BLADE 


« * * * * * * ae Information Circular 77 76 


UNITED STATES DEPARTMENT OF THE INTERIOR 
Fred A. Seaton, Secretary 
BUREAU OF MINES 
Marling J. Ankeny, Director 


Work on manuscript completed November 1956. The Bureau of Mines will welcome reprinting of this paper, provided 
the following footnote acknowledgment is made: ‘Reprinted from Bureau of Mines Information Circular 7776.” 


The work upon which this report is based was done under a cooperative agreement between the Bureau of Mines, 
United States Department of the Interior, and the American Petroleum Institute. 


January 1957 


NATIONAL ANNUAL DIESEL-FUEL SURVEY, 1956 
by 


O. C. Blade V 


CONTENTS 
INIOGUCHION a.csindosmanedecteasteecsaedasevesscamseneceues 
SUNIMGLY 25% sudeenieaasacnse cb an eae geaacar sacar 
Explanation of tables and figures ...... cc cece cee c cece ese seees 
ILLUSTRATIONS 

Fig. 
1. Geographic areas for the National Annual Diesel 

FUG! SURVCY sa suad ca veceassseneedheotetedéedenes 
2. Trends of some properties of grade 1-D diesel fuels........ 
3. Trends of some properties of grade 2-D diesel fuels........ 

TABLES 

1. Summary of grade 1-D diesel fuels............. 0. cee cues 
2. Summary of grade 2-D diesel fuels ............. ccc ween: 
3. Summary of grade 4-D diesel fuels. ......... cece ee eee 
4, Analyses of grade 1-D diesel fuels... ..... 0... ee ee ee 
5. Analyses of grade 2-D diesel fuels. ....... cee ec ce ce eee 
6, Analyses of grade 4-D diesel fuels... 0... cc eee eee ee 


V/ Petroleum Chemist , 


Information Circular 7776 


Google 


Page 


INTRODUCTION 


Sales of diesel fuel in the United States during the past year and a 
half have increased greatly. In 1955 over 174 million barrels were sold of 
which 80 million (or 46 percent), were used by the railroads, and over 44 
million barrels (254 percent) of the fuel were used in trucks, busses, tractors, 
and heavy moving equipment. Vessels (12 percent), industry (94), the military 
forces (44), power plants (2), and oil companies (1/2 percent) account for the 
remainder. 2/ Daily deliveries of diesel type fuel from refineries averaged 
over 16,750 barrels during the first six months of 1956 in comparison with 
15, 250 barrels during the corresponding period of 1955, 3/ 


Information on the properties of diesel fuel is very important to the 
petroleum industry, engine manufacturers, and consumers. To supply such 
information the American Petroleum Institute and the Bureau of Mines, United 
States Department of the Interior, under cooperative agreement, are conducting 
annual surveys of diesel fuel oi! produced in refineries in this country. 


Samples of diesel fuel typical of their manufacture were analyzed by the 
refiners in accordance with instructions from the subcommittee on fuel surveys 
of the Automotive Research Committee of the American Petroleum Institute. 
Results of the analyses were transmitted to the Bureau of Mines, where the data 
were studied and compiled as shown in the tables of this report. Six surveys of 
diesel fuel made in this manner have been published as Bureau of Mines reports 
since 1950. 4/ This report shows the results of a survey made during 1956. 


SUMMARY 


In this survey 329 samples of diesel fuel are represented. The fuels were 
manufactured by 49 petroleum refining companies in 112 refineries, large and 
small, throughout the country. The data are divided into three groups accord- 
ing to grade of diesel fuel, and each group Is subdivided into five tabulations 
according to the geographic marketing distribution of the various fuels repre- 
sented. The three groups according to ASTM grades are as follows: 


27 Computed from figures in Bureau of Mines Mineral Market Report MMS 2517. 


7 Sales of Fuel Oil and Kerosine in 1955, 17 pp., compiled by A. T. Coumbe 
and |. F. Avery, 1956. 

3/ Bureau of Mines, Crude Petroleum Products, Jan.-June 1956: Bureau of Mines 

7 Monthly Petroleum Statements 400-405, computed from table 2 in six reports. 

4/ Blade, O. C., National Annual Diesel-Fuel Surveys, 1950-1955: Bureau of 

~ Mines Repts, of Investigations 4746, 1950, 25 pp.; 4830, 1951, 12 pp.; 
4935, 1952, 22 pp.; 5008, 1953, 24 pp.; 5084, 1954, 24 pp.; and Inf. 
Cire. 7737, 1955, 24 pp. (in cooperation with the American Petroleum 


Institute). 
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(1-D) Diesel fuels of 625° F. maximum distillation end point; 
(2-D) diesel fuels of 675° F. maximum distillation temperature 
at 90 percent recovered and maximum kinematic viscosity at 
100° F. of 5.8 centistokes (45 Saybolt Universal seconds), and 
(4-D) diesel fuels not conforming to the ASTM distillation- 
temperature or viscosity limitations of grade 1-D and 2-D fuels. 


The geographic areas are five general regions of the country containing 14 
districts in which the diesel fuels are marketed. The areas are shown on the 
map (fig. 1). 


Summaries of the results of the tests by grades and by regions, compared 
with data for 1955, are shown in tables 1 through 3. Average values of selected 
properties are shown for the fuels represented, and minimum and maximum figures 
are given for all the tests indicated. 


EXPLANATION OF TABLES AND FIGURES 


Thirteen laboratory tests, selected by the subcommittee on fuel surveys of 
the Automotive Research Committee of the API and made by procedures approved 
by the American Society for Testing Materials, 5/ were used to analyze the 
samples of diesel fuel in this survey. By agreement with the cooperating agency, 
identification of the items is confidential . 


Each item in tables 4 through 6 is a complete analysis of one sample of 
diesel fuel. The tables are arranged according to the following limitations, 


Kinematic 


viscosity 
Distillation at 100° F., 
temperature, © F, centistokes 


Maximum 


Maximum 5.8 
Minimum 5.8 


End point, 625 
90% point, 675 


from table 1 of the latest ASTM classifications. 6/ This arrangement differs 
from the listing in preceding diesel-fuel survey reports in that grade 2-D fuels 


5/ American Society for Testing Materials, ASTM Standards, Part 5, Philadelphia, 
1955, 1,460 pp. 
6/ -------- , Tentative Classification of Diesel Fuel Oils (0975-53T); ASTM 


Standards on Petroleum Products and Lubricants, Philadelphia, 1955, 
pp. 452-454, 
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are not separated according to pour points--0® F. and below or 5° F. and 
above. Each group of data is subdivided into five tabulations according 
to the geographic marketing distribution of the fuels represented. The 
geographic areas are made up of five general regions divided into 14 
marketing districts as follows: 


Region Districts 
Eastern A, 8, C 
Southern D 
Central E,F,G 
Rocky Mountain H, |,Jj,K 
Western L, M,N 


The regions and districts are indicated in figure 1. These areas were estab- 
lished by a study committee of the API and are based on fuel-distribution 
systems, refinery locations, centers of population, temperature zones, and 
arteries of commerce, such as navigable waters. The districts differ from 
those of the 1950 diesel-fuel survey, which were the same as those used for 
the motor-gasoline surveys. 7/ 


The data in tables 4 through 6 are arranged, within each grade group, 
according to the regions where the fuels are sold. In each regional tabula- 
tion the districts where each fuel is sold are given in the fourth column. The 
listing of the districts indicates in decreasing order the relative volume of 
sales for each fuel. Thus, the first district listed is that in which the greatest 
volume of a fuel is sold, and the analysis of this fuel is tabulated in the first 
section of data under the region containing that district, The second section 
of data, separated by a line from the first section, contains analyses of fuels 
that are sold in greatest volume in districts of other regions. The first section 
of data in each regional tabulation might be considered to represent fuels of 
major distribution and the second section to represent fuels of minor distribu- 
tion for that particular region. It is possible that the sales volume of a given 
fuel may be highest in a district of one region but that the total sales in 
districts of another region may be greater. Consider, for example, a fuel 
distributed in districts C, E, and F. The greatest sales volume might be in 
district C of the Eastern region, but the combined sales in districts E and F 
of the Central region could be higher. This fuel would be listed as a fuel 
of major distribution in the Eastern region and as a fuel of minor distribution 
in the Central region. It is believed, however, that in most cases the region 
of greatest sales volume will contain the district of greatest sales volume. 


7/ Blade, O. C., National Motor Gasoline Survey, Winter 1955-56: Bureau 
of Mines Inf, Circ, 7763, 1956, 26 pp. (In cooperation with the American 
Petroleum Institute). 
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The second column indicates the class or classes of service for which 
the fuels are recommended by the manufacturers as follows: 


Class 1. Diesel fuel ofls for city-bus and similar operation 

Class 2, Fuels for diesel engines in trucks, tractors, and 
similar service 

Class 3. Fuel for railroad diesel engines 

Class 4, Heavy-distillate and residual fuels for large 
stationary and marine diesel engines 


Analyses by class or service have not been tabulated in this survey. 


In some instances a fuel has been designated for use during the summer 
or winter season only. The letter (S) or (W) in parenthesis following the class 
designation Indicates the summer or winter season, respectively, Some of the 
contributing companies Indicated that their diesel fuels also are frequently 
sold as burner-fuel oils. The ASTM grade numbers of these burner-fuel oils 
are listed in the third column of the tables. 


The column headings for the data show the primary ASTM designations 
of the test procedures. Ifa test was made by another procedure, the exception 
is indicated with a footnote, Colors of 1-D fuels were determined by the Saybolt 
chromometer nearly as often as with a Union colorimeter. Therefore, a column 
has been included fn table 4 to indicate Saybolt color, Viscosities of some 
samples were determined both in centistokes and in Saybolt Universal seconds. 
For the mafority of the samples, however, the results were determined by one 
method, Conversions were made to the kinematic value for all the Saybolt 
figures given and to Saybolt seconds for all kinematic values of 1.83 centi- 
stokes and over. The equivalent values were secured from the amplified ASTM 
conversion tables 8/ and, for several Saybolt figures below 32.0 seconds, from 
a correlation derived from determinations reported by both methods in the diesel- 
fuel surveys. 


Properties, other than distillation temperature or viscosity, of some fuels 
that do not meet the specification requirements are included in the averages 
but are footnoted to indicate they are outside the limitations. Some results 
for the following determinations are so marked: Percent sulfur, percent carbon 
residue, cetane number, and for several grade 4-D fuels, viscosity. Fora fuel 
for which no cetane number was reported its calculated cetane Index is given 


8/ American Society for Testing Materials, ASTM Viscosity Tables for Kinematic 
Viscosity Conversions and Viscosity Index Calculations: ASTM Special 
Technical Publication No, 43A, Philadelphia, July 1953, 56 pp. 


Google 


and footnoted as such, This value is based on correlations of API gravities 
and mid-boiling points of numerous diesel fuels with their cetane numbers 
and was secured from a nomograph. 9/ Sometimes a calculated cetane index 
figure, such as in items 250 and 251 in table 5, Is quite low and possibly 
should be footnoted as not meeting the requirement of fuels of its grade. 
However, had the cetane numbers of these samples been determined it is 
quite probable they would be higher and within the limitation because of 
additives now in use. Distillation data are shown by ASTM Method D86 
for the 1=-D diesel fuels and by ASTM D158 for the heavier grade fuels, 


Average values of eight selected characteristics of all the diesel 
fuels indicated in each of tables 4 through 6 have been computed where 
possible and are shown at the ends of the respective tables, Averages are 
not given for flash point, color, cloud test, pour point, and corrosion. 
Minimum and maximum figures are shown for al! the properties except 
corrosion. The small number of grade 4-D fuels (table 6) is inadequate to 
represent that grade statistically, and it is possible that average, minimum, 
and maximum figures could be changed appreciably by more analyses of fuels 
of that grade, 


Summaries of the results of this survey are shown with similar summaries 
of the results of the survey for the preceding year in tables 1, 2, and 3. 


Figures 2 and 3 show the trends of averages of some properties of grades 
1-D and 2-D diesel fuels represented in the surveys since 1950. Plots of data 
appear for kinematic viscosity at 100° F., sulfur content, cetane number, and 
distillation temperatures at the 10 percent point, 90 percent, and end points. 
The charts are based on the numbers of samples represented in the summary 
tables in the present and past reports for the country as a whole, 


9/ American Society for Testing Materials, Tentative Classification of Diesel 

~ Fuel Oils (D975-53T), Appendix 2, Calculated Cetane Index: ASTM 
Standards on Petroleum Products and Lubricants, Philadelphia, 1955, 
pp. 455-457. 
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Figure 2.- Trends of some properties of grade I-D diesel fuels. 
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Figure 3.-Trends of some properties of grade 2-D diesel fuels 
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5/ Corrosion test results ore given separately for the two temperatures by number according to ASTM D130-55T, 


3 Distillation figures have been converted 


4/ Some of the determinations were made by the Conradson method, ASTM 0189-54, and the dato were converted 


2,3, and 4 of diesel fuel olls are described in the text. (S) or (W) indicates the fuel Is recommended for 
use only during the summer or winter season, respectively. 


2/ District letters refer to the areas 


V/ Classes | 
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In which the fuels are sold (see fig. 1), In each item the arrangement of district 


letters indicates In decreasing order the relative volumes of distribution of the fuel. 
separating items 262 and 183 are generally sold in greatest volume in the Central 


the line are generally sold in lesser volumes 


3/ Viscosities reported in one term were converted 
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to temperatures at 760 mm. Hg according to table | 


equirements of fuels of this grade. 


chart In appendix 2 of ASTM D975-53T. 


separately for the two temperatures by number according to ASTM D130-55T. 
Flash point by Tag closed tester, ASTM D56-52. 
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Ramsbottom values using table | and figure 4 In the appendix of the Conradson method, 


5/ Corrosion test results are shown 
B/ Distillation fi 


4/ Some of the determinations were made by the Conradson method, ASTM 0189-54, and the data were converted to 


Fuels listed above the line 


(S) or (W) indicates the fuel is recommended 
separating items 293 and 223 are generally sold in greatest volume in the Rocky Mountain region, The fuels 
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The fuels listed below the lines are generally sold in lesser volumes in the two respective regions than In some 
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3/ Viscosities reported in one term were converted to equivalent figures In the other, as explained in the text, The 


letters indicates in decreasing order the relative volumes of distribution of the fuel, 


for use only during the summer or winter season, respectively, 
2/ District letters refer to the areas In which the fuels are sold (see fig. 1). In each items the arrangement of district 


V/ Classes 1, 2, 3, and 4 of diesel fuel oils ore described in the text, 


10/ Determined by lamp method, ASTM D90-55T or ASTM D1266-55T. 
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arge marine terminals only. 
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